. A special role in the enhancement of heat transfer in furnaces is played by the convective component of heat fl ow to the masonry (Pikashov et al.,1979) .
For confi rmation of this position, a special composition for coating on refractory materials with low values of ε (Pikashov et al., 1970) of surface was designed: highalumina concrete, fi reclay, magnesite, and others. As experiments have shown, such coating can increase ε from 0.4 to 0.8 at the temperature of about 1050 о С (Velikodny and Pikashov, 1985) .
Comparative experiments for radiation measuring from the surface of cup-shaped burner and fl at-fl ame burners were realized initially with original surface and then with surface covered by composition (Pikashov et al., 1982) . The normal and hemispherical heat fl ows were measured radially from the surface at various fl ow rates. With increasing the gas fl ow rate of burner, the convective component to the surface also increased. It was found that with fl ow rate increasing from 5 up to 35 m 3 /h, the radiation from the surface increases from 3.6 up to 24% for cup-shaped burners and from 8 to 40% for the fl at-fl ame one. In this case, the temperature of surface dropped to 15-30 о С. Numerous experiments in many factories show that application of coating at the refractory masonry of the furnaces of ethylene production and others working in the mode of indirect heat exchange reduces gas consumption by 15-30%. We performed analytical study of the dependence of resulting heat fl ux in kilns and furnaces on ε masonry, ε gases, convection from gases to the masonry, and heat losses to the environment (Pikashov et al., 1986) The increase of ε masonry can give both positive and negative effect, in the particular case, as it was adopted earlier, does not affect the effi ciency of heat transfer.
Analytical studies of resulting heat fl ux dependence in the furnaces and combustion chambers on the ε masonry, ε gases, convective component from the gases to masonry, and temperature level of losses to the environment have been executed (Pikashov et al., 1986) . It was found that the increase in ε masonry led both positive and negative effects, in the particular case, as was assumed earlier, does not affect the heat transfer effi ciency.
It is experimentally shown that the increase of ε bottom in heating boilers in the summer, when the boilers operate periodically, gives a negative effect. In this case, fuel consumption increases by 1.5-2%. In winter, when the boilers operate continuously, the effect is 2-3%. On the bell-type furnace for the annealing of metal, which works in nonstationary mode, increase of ε bottom showed a negative effect. This can be explained by the increased consumption of heat on heating of a masonry with larger ε.
We carried out the analysis of different models describing the transfer of heat in the respective thermal units. We considered opportunities of control of heat exchange by changes of radiation of characteristics of surface. It is shown that the character of infl uence ε on radiation surface is ambiguous.
It is considered the wall is transparent, with a fi nite thickness and conductivity. For heat fl ows, the hypothesis of additivity is used. We considered the radiation of one from surfaces of the wall, which is considered as diffuse emitting and absorbing.
In general, heat can be supplied or be removed from the surface by the heat conduction through the wall, convection and selective or gray radiation. However, analysis of heat transfer in such system is quite complicated. Along with that, in practice, the heat transfer usually occurs with more simple terms. Table 1 shows the typical simple cases and appropriate models of heat transfer. From the point of view of infl uence ε masonry on the intensity of heat radiation, the models can be divided in the following way.
On heat supply to the surface --in two groups: when the heat is supplied from the side, opposite the radiating, and when the heat is supplied from a radiating side. In the latter case, the wall may lose part of the heat by conductivity from the radiating surface, but its temperature Т k will always be greater temperature Т ' k of the opposite wall, unlike the fi rst case, when
Radiant side wall is the source of pure radiation heat transfer. This can occur in two opposite cases, when the heat is supplied only by convection from diathermic gases, and is removed by radiation, and when the heat to the surface is supplied only by radiation through diathermal gas heated by convection from the wall.
With respect to selectivity radiation, we can distinguish between models in which the incident and effective radiation surface is gray, and models which take into consideration the selectivity of the incident, effi cient, and self-radiation of its surface.
Consider the models of heat transfer in accordance with the numbering in the table.
The fi rst two models belong to the case when the heat is supplied by thermal conductivity from the opposite side of the radiating surface or by internal sources (electricity, chemical energy, and other), with its temperature Т' k, higher than temperature Т k of the radiating surface. With purely radiative heat transfer (model 1), gray or selective spectrum according to the Stefan-Boltzmann law, increasing the degree of blackness always increases the radiation of surface. In technique, the blackening of surfaces is widely used in electric furnaces of resistance, radiation pipes, and radiators (Abramovich and Holstein, 1977) .
In model 2, the removal of heat by convection is additionally taken into account, which reduces the temperature of radiator. This may occur with the infrared heating of large areas (Bogomolov et al., 1967) .
All subsequent models of heat transfer belong to the second occasion of heat supply to the surface. In Velikodny and Pikashov (1985) and Zakharikov (1953) it is shown that for gray adiabatic surface (model 3) at the gray incident radiation, i.e., with zero losses of heat conductivity, effective radiation of the surface does not depend on its ε.
Indeed, in the effective radiation of adiabatic gray wall shares the refl ected and absorbed radiation, which is transformed into its own radiation, when changing the degree of blackness is redistributed, but their sum is always equal to the incident ra- diation. Such model is adopted in the calculation of radiative heat transfer in furnaces. Practically, it is applicable to the thermal units with good insulation, working mainly in the modes of evenly distributed and the direct radiative heat transfer with luminous fl ame (Glinkov, 1962) . In such furnaces heat loss through the wall can be disregarded.
Model 4 differs from model 3 only by account for the loss of heat through the wall. Although in practice in most cases masonry or the lining is well isolated, in high-temperature furnaces, refractory-lined combustion chambers, refl ective and solar furnaces, where the materials are at extreme operating temperatures, are not only isolated, but even specially cooled for lower temperature. Naturally, the lower absorption capacity, the more refl ective one and the bigger share of incident radiation is refl ected. Increasing absorption ability increases the absorbed fraction of incident radiation, and temperature of surface increases. Accordingly, heat losses grow, and the effective radiation reduces. Therefore, in model 4, rise of ε and absorption ability of surface reduces its effective radiation and the resulting heat fl ux in the device. We now turn to models 5 and 6, which take into consideration the selectivity of radiation. Theoretical studies (Nevsky, 1973; Krivandin, 1981) showed that during selective radiation of gases, increase of ε masonry can lead to the increase of effective radiation. The reason is that for wavelengths where the gas radiates, increasing of absorption capacity of the masonry leads to increase of the absorbed energy and temperature. For these wavelengths, the situation is similar to gray radiation. For other wavelengths, where the gas is transparent, masonry does not absorb radiation of gas and emits directly on heat exchange surface. Radiation of this surface increases with the increase of ε and temperature. Therefore, the total result of increased ε turns out to be positive.
All this is true for adiabatic masonry (model 5). When there are heat losses (model 6) through the wall, its temperature and the effective radiation are reduced. With the growth of heat losses, there comes a time when lowering the temperature of the wall is not compensated by the positive effect from the increase ε. In these conditions for raising effectiveness of radiation from masonry it is necessary to reduce its ε (absorption capacity), thus increasing the refl ectivity and refl ected radiation. Masonry temperature will decrease, heat loss reduces, and the effi ciency of the device increases.
Models 5 and 6 are close enough to indirect directed and evenly distributed radiation modes of heat transfer furnaces with nonluminous fl ame.
More complicated are models 7 and 8, in which heat is supplied to the radiating surface simultaneously by both radiation and convection from the gases. Such cases are discussed in (Pikashov et al., 1980 (Pikashov et al., , 1986 . Recently, burners and furnace units were developed, which allow considerable intensifi cation of the heat transfer in furnaces mainly due to convection of heat fl ux supplied to radiating surfaces. Such furnaces are operated in the mode of indirectly directed radiative-convective heat exchange, for example, in petrochemical furnaces with bowl-shaped burners, heating furnaces with fl at-fl ame or jet burners.
In model 7, the gray radiation is adopted and the heat is supplied to the surface by radiation and convection from gases. The heat supplied by radiation (absorbed radiation) and convection radiation is transformed into intrinsic radiation of surface. In this case, ε surface does not affect the effective radiation for the heat supplied by radiation. Effective radiation, associated with the heat supplied by convective component, grows with increase of ε surface (Pikashov et al., 1986) . The greatest effect of ε masonry increase, as in model 5, is achieved with adiabatic wall (model 7a).
For models 3 and 5, when the heat transfer is only by radiation, masonry can be considered as adiabatic only approximately, since for any insulation heat losses, though small, are always available. However, there are practically used devices with complex heat exchange in which the wall can be considered as strictly adiabatic. They represent both burner and a porous or perforated wall. In them, all the heat removed by conduction from the radiating surface is returned in the opposite direction by fl ow of the gas-air mixture, passing through the pores. Gas-air mixture burns in a thin layer then, near the radiating surface or in boundary layer of gas on the surface of heat (Poletaev and Yurevich,1976) .
In the devices, in which there is a loss of heat q los through the wall (model 7b), the effect of darkening in comparison with the case of adiabatic wall decreases with increasing q los , but has a positive effect on the effective of radiation while q los < q con . When heat losses by conduction through the wall are equal to the heat, supplied by convection (model 7b), q los = q con , effective radiation of the surface becomes independent of its radiation characteristics. This case is similar to the adiabatic masonry at the net radiation (model 3). Such model is called a model with pseudo-adiabatic masonry (Pikashov et al., 1980) and is used in practical methods of thermal calculation of the thermal units. When q los > q con (model 7d) with increasing of ε masonry effective radiation is reduced (Pikashov et al., 1986) .
In model 8, the heat to the surface is supplied by gray radiation, and is removed by radiation and convection. It can be met in two cases: when the loss of heat conductivity is equal to zero and the heat is removed by convection and radiation (model 8A), or when the loss and, consequently, the heat is removed by conduction, radiation, and convection (model 8b). In both cases, the increase of ε reduces the effective radiation of surface.
Model 8a is implemented, for example, in combustion chambers of rocket engines with diffusion cooling (Poletaev and Yurevich, 1976) . Model 8b can be implemented in melting furnaces (open-hearth furnace, glass furnaces), working in the mode of the direct radiation heat transfer (Zakharikov, 1953) in the solar furnaces with radiation heating or heating of products (Bogomolov et al., 1967) .
In the most complex of considered models --in model 9 --the heat is supplied simultaneously by selective radiation, convection, and heat conduction, and is removed by selective radiation and convection. There may be other combinations. The analysis of such models is connected with some diffi culties, as with heat supply and heat re-moval by various types of heat transfer, the number of cases that need to be considered increases substantially.
Thus, depending on the types of heat transfer and their nature, increase of ε surface can raise or lower the effective radiation. Therefore, before changing the radiation characteristics of the surface, it is necessary to perform calculations using the appropriate model of heat exchange.
SUMMARY
The analysis of various models of heat transfer showed that the degree of blackness of a surface has ambiguous effects on its effective radiation. Depending on the convective component and gas blackness, the increase of surface blackness may affect the heat exchange both positively and negatively, or may have no effect at all.
